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Introduction 

In an AC-PDP, a protective film is formed on the dielectric layer of a front board, and it 
has the following three roles: 

(1) it protects the dielectric layer from the impact of ions generated by electric discharge; 

(2) it emits secondary electrons through collision of ion particles; and 

(3) it preserves the wall charge generated by electric discharge. 

In a PDP electric discharge cell, the protective film is continuously exposed to the impact 
of ions generated by electric discharge, a process equivalent to sputtering. Since the amount of 
sputtering determines the life of the panel, resistance to sputtering is an important characteristic 
of the protective film. 

Another important characteristic is the emission of secondary electrons, the so-called 
Y-characteristic. Secondary electrons are emitted by collision with the protective film of the 
ionized particles generated by electric discharge. More secondary electrons being emitted result 
in a lower discharge starting voltage, and thus a high y is important when driving at low voltage. 
In addition, high resistance is needed to preserve the wall charge generated by electric discharge 
so that a high memory margin can be gained. Still more, in an AC-PDP, visible light emitted 
from the phosphor is seen through the front board. Accordingly, the protective film needs to 
have high transparency. 

At present, MgO is the only material in practical use for protective films which satisfies 
the above characteristics. On the other hand, however, MgO film has the disadvantage of 
possessing high activity, and thus it readily absorbs moisture if exposed to the atmosphere after 
deposition. This Chapter describes the formation technology of MgO, the best known material 
for protective film, and outlines the characteristics required for its use. 

2. Technical trends 

Vacuum deposition methods, including electron beam (EB) vapor deposition and 
sputtering, are often applied for forming the MgO film. Other than these, a method of printing 
and firing a solution, typically containing magnesium alkoxide, has also been tested but has not 
yet been commercialized, although it is drawing interest as an inexpensive deposition method. 

The EB vapor deposition method uses MgO itself as the vapor deposition source. An 




electron beam from a filament is radiated towards the vapor deposition source to evaporate and 
deposit the source on the surface of the dielectric layer on the facing panel. Since MgO is likely 
to suffer from oxygen deficiency in the course of dissociative evaporation, introduction of O2 
into the vapor deposition chamber is necessary for obtaining a film with stoichiometric 
composition. Too much oxygen deficiency reduces transmittance at short wavelengths, and also 
causes insufficient insulation, leading to erratic electric discharge. 

The EB vapor deposition method is applied to mass production as a way of reliably 
forming a uniform film on a large substrate. However, it has the problem of being unsuited to 
mass production due to low throughput, since the deposition rate, approx. 4 nm/s, is very low. To 
achieve higher throughput, EB vapor deposition equipment using a high-output Pierce electron 
gun has been commercialized. Using this equipment, a deposition rate of about 8 nm/s has been 
achieved. The Pierce electron gun accelerates and focuses the electrons emitted by its intemal 
filament, forming them into a linear beam. The magnetic field created by the deflection coil 
bends the beam and directs it towards the MgO. In this system, the Pierce electron gun and vapor 
deposition section are separate, and thus the Pierce electron gun can be independently exhausted. 
This extends the service life of the filament. 

In the hope of applying this setup to full-scale mass production, EB vapor deposition 
equipment which employs a low-voltage electron beam (less than 20 V) and high current of 400 
A generated by holocathode discharge has been proposed*^ to further reduce tact time. Highly 
pure Mg metal is used as the deposition source in this equipment. Atoms that are evaporated by 
irradiation with this electron beam and O3 which is introduced near the substrate efficiently react 
and deposit MgO on the substrate. This equipment achieves a high deposition rate of 73 nm/s, 
and is likely to drastically reduce the tact time. 

Full-scale mass production equipment employing ion plating has also been proposed^\ 
Ion plating ionizes the deposition material, and ionized material is deposited in a high-energy 
state. Accordingly, it should be possible to form a highly dense film. Equipment employing a 
plasma gun as its energy source for ionization and MgO as the evaporation material achieves a 
deposition rate of 8 nm/s. Depending on the process conditions, including deposition conditions 
and substrate temperature, a single-orientation film of (111), (220) or (200) can be obtsdned. 
This equipment is also of interest, since it has film quality control capability. 

Deposition equipment employing sputtering is also commercialized^^ The chief 
characteristic of sputtering is that it forms a fine film, since it deposits particles with high energy. 
MgO has high resistance to sputtering, and thus the deposition rate is extremely slow if MgO is 
used as a target for sputtering. Reactive sputtering using Mg as a target has thus been 
commercialized, and the deposition rate can reach 15 nm/s. Contrary to other deposition 
methods, including vapor deposition, requiring the substrate to be transported horizontally, the 



substrate can be transported vertically in the case of sputtering. Upright in-line equipment that 
transports the substrate vertically is particularly advantageous for larger substrates because it 
allows the equipment installation area to be kept small. 

As described above, several MgO deposition methods have been proposed, and the 
method to be used needs to be selected in the light of film quality controllability, maintenance 
cycle and running costs as well as the deposition rate. 

3. MgO film quality 

As described above, transparency, sputtering resistance and a suitable y-characteristic are 
required for the MgO protective film. Next, how these characteristics are related to which 
physical properties is described. 

First, with respect to transparency, it is apparent that low transparency directly reduces 
luminance. The transparency of MgO film to short-wavelength light falls with increasing 
oxygen deficiency. However, oxygen deficiency can be reduced by controlling the deposition 
conditions. For example, in EB vapor deposition, sufficient transparency of over 95% in the 
visible light area can be obtained by controlling the amount of oxygen led in. Accordingly, 
transparency is not a serious problem to overcome. 

Sputtering resistance is an important factor that determines a service life of the PDF. It 
has a close relationship with the orientation of the MgO film'^\ Fig. 1 shows an example of 
measuring the sputtering rate of the MgO film with orientation of (220), (111), and (200). Photo 
1 shows the film shape in the measurement. The sputtering rate is measured using an ion gun to 
irradiate the discharge gas mixture generally used in the PDF, i.e., Ne-Xe gas, onto the substrate 
on which MgO is formed and then, after a predetermined time, measuring the distance to which 
the ions have penetrated. A film that shows shallower penetration, i.e. low sputtering rate, has 
higher sputtering resistance. It is apparent from Fig. 1 that the sputtering rate of MgO with (220) 
orientation is half of that of (111). Accordingly, the (220) orientation has double the sputtering 
resistance of (111). 

With respect to film surface roughness, (220)<(111)<(200) is apparent from the photo. 
Film surface roughness of (220)<(200)<(111) is also reported^\ and thus the roughness depends 
on deposition equipment and deposition conditions. The comparison of diffracted intensity of 
X-ray shows that the samples in Photo 1 all have about the same degree of crystallization. 
Accordingly, the film surface shape is not the major factor, and the crystal orientation and 
sputtering rate are unrelated to difference in crystallization. 

Next, the relation between the film density and sputtering rate is described. Fig.2 shows 
the relation between the refractive index and sputtering rate when MgO film is formed under a 
wide range of deposition conditions. The Figure shows that there is a strong negative correlation 



between the refractive index of the film and sputtering rate. Since a higher refractive index of 
the film indicates higher density, a highly dense film has low sputtering rate. In other words, a 
highly dense film has high sputtering resistance. 

Another important characteristic required in MgO is the y-characteristic, which 
determines the rate of discharge of secondary electrons. It is conventionally known that the 
(111) orientation film has a high y. On the other hand, some reports^^ that the (220) orientation 
achieves a higher y than (111). Further examination taking into account the deposition method, 
crystallinity, and so on is required. 

As described above, MgO has very good characteristics as a protective film for PDPs, but 
it is extremely active immediately after vapor deposition, and thus it readily absorbs moisture 
and is easily oxidized by H2O and CO2 when exposed to the ambient atmosphere. For this reason, 
the atmosphere around the substrate after deposition needs to be carefully controlled, and 
reactivation is required when the MgO film is oxidized. 

Recently, a method of implementing a process for MgO deposition, sealing of the front 
and rear boards, evacuation and introduction of discharge gas integrally under vacuum or in a gas 
atmosphere has been proposed as means of securing the quality of the film immediately after 
deposition by preventing exposure to air. Although this method still has a number of problems to 
be solved with respect to cost and equipment technology due to its large scale and complexity, it 
requires no evacuation step because MgO does not discharge gas, unlike the conventional 
method that requires evacuation through a chip tube. The MgO-activating step can also be 
eliminated. This technology is thus expected to significantly reduce process time as well as 
prevent degradation of MgO film quality. 

The deposition equipment needs to be monitored carefully in addition to careful handling 
of the substrate to prevent moisture absorption by MgO. To ensure that MgO is deposited only 
onto the display area, a frame mask is applied during deposition. This mask and substrate holder 
are used repeatedly. Therefore, if these jigs are exposed to air, the attached MgO absorbs 
moisture and discharges large quantities of gas into the deposition chamber when the jigs are 
next used for deposition. This changes the deposition conditions. A mechanism has thus been 
proposed for transporting only the glass substrate, and to attach and detach the jigs, including the 
substrate holder and mask, inside the vacuum chamber without exposing them to the ambient 
atmosphere. Similarly, MgO attached to the deposition chamber also absorbs moisture when the 
deposition chamber is exposed to air during periodic maintenance. This also changes the 
deposition conditions immediately after maintenance. Therefore, it is also important for the 
equipment to achieve long maintenance intervals. 



4. Conclusion 



MgO deposition equipment adopting several deposition methods is at the stage of 
commercialization for use in the manufacture of 60"-plus screens. Modifications to the 
equipment, including higher deposition rates and downsizing, have been studied in response to 
the demand for equipment with higher cost performance that is usable for full-scale mass 
production of several ten thousand units per month. However, there are still many doubts about 
the quality of MgO film, which is said to be best suited for PDPs, since the film quality depends 
on the equipment and the deposition conditions. In addition, the driving characteristic tends to 
vary greatly depending on the panel manufacturing conditions as well as the reactivation 
conditions after MgO deposition. To achieve optimal film quality, this issue needs to be further 
studied as a cooperative project between PDP manufacturers and industrial equipment 
manufacturers. 
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